




































































































































































































































































































































































𝜎′ = 𝜎 − (1 − 𝑎)𝑢𝑤



































































𝑚12 = sin𝜔 sin𝜑 cos 𝜅 − cos𝜔 sin 𝜅 𝑚11 = 𝑐𝑜𝑠𝜑𝑐𝑜𝑠𝜅
𝑚22 = 𝑠𝑖𝑛𝜔𝑠𝑖𝑛𝜑𝑠𝑖𝑛𝜅 + 𝑐𝑜𝑠𝜔𝑐𝑜𝑠𝜅 𝑚21 = 𝑐𝑜𝑠𝜑𝑠𝑖𝑛𝜅
𝑚13 = 𝑐𝑜𝑠𝜔𝑠𝑖𝑛𝜑𝑐𝑜𝑠𝜅 + 𝑠𝑖𝑛𝜔𝑠𝑖𝑛𝜅 𝑚31 = −𝑠𝑖𝑛𝜑








































































𝑘1 …  𝑘𝑛, 𝑝1 𝑝2





𝑎11 𝑎12 𝑎13     
𝑎21 𝑎22 𝑎23     




















































     
1 0 0
0 𝑋𝑁 𝑌𝑁
    
0 0 −𝑋𝑁𝑢𝑁
𝑍𝑁 1 −𝑋𝑁𝑣𝑁










𝒂 = [𝑎11, 𝑎12, 𝑎13, 𝑎14, 𝑎21, 𝑎22, 𝑎23, 𝑎24, 𝑎31, 𝑎32, 𝑎33,𝑎34]
𝑇
𝑳𝒂 = 𝟎
𝑢𝑖 𝑣𝑖 𝑈𝑖 𝑉𝑖
𝑎11 𝑎34
𝑎11 𝑎34 = 0
𝑎34 = 1
𝑎34













] 𝑩 = [
1 + 𝑏1 𝑏2 0
𝑏2 1 − 𝑏1 0
0 0 1





𝑢𝑖 𝑣𝑖 𝑈𝑖 𝑉𝑖 𝑖 = 1,… , 𝑁


























√∑ ∑ (𝒕(𝑥, 𝑦) − 𝑡̅)2𝑁𝑦=1
𝑁











𝑠(𝑖 + 1, 𝑗 + 1)𝑠(𝑖, 𝑗 + 1)
𝑠(𝑖 + 1, 𝑗)𝑠(𝑖, 𝑗)
𝑠(𝑥 ∗, 𝑦 ∗)
𝑠(𝑖, 𝑗) 𝑠(𝑖 + 1, 𝑗) 𝑠(𝑖, 𝑗 + 1)
𝑠(𝑖 + 1, 𝑗 + 1) (𝑖, 𝑗)
(𝑖 + 1, 𝑗) (𝑖, 𝑗 + 1) (𝑖 + 1, 𝑗 + 1) 𝑠(𝑥 ∗
, 𝑦 ∗) (𝑥 + 𝑢, 𝑦 + 𝑣)
𝑠(𝑥 ∗, 𝑦 ∗) = 𝑎00 + 𝑎10𝑢
′ + 𝑎01𝑣
′ + 𝑎11𝑢′𝑣′
𝑢′ 𝑣′ (𝑖, 𝑗) (𝑥 + 𝑢, 𝑦 + 𝑣)
𝑢′ = 𝑥 ∗ −𝑖 𝑣′ = 𝑦 ∗ −𝑗 0 ≤ 𝑢′ < 1
0 ≤ 𝑣′ < 1 𝑎00 𝑎10 𝑎01 𝑎11
𝑎00 = 𝑠(𝑖, 𝑗)
𝑎10 = 𝑠(𝑖 + 1, 𝑗) − 𝑎00
𝑎01 = 𝑠(𝑖, 𝑗 + 1) − 𝑎00
𝑎11 = 𝑠(𝑖 + 1, 𝑗 + 1) − 𝑎00 − 𝑎10 − 𝑎01

𝑢 = 𝑢1𝑁1 + 𝑢2𝑁2 + 𝑢3𝑁3 + 𝑢4𝑁4







    
0 𝑁3 0
𝑁2 0 𝑁3









𝑁1  𝑁2 𝑁3 𝑁4
 𝑁1 =
(𝑎 − 𝑥)(𝑏 − 𝑦)
4𝑎𝑏
𝑁2 =
(𝑎 + 𝑥)(𝑏 − 𝑦)
4𝑎𝑏
𝑁3 =
(𝑎 + 𝑥)(𝑏 + 𝑦)
4𝑎𝑏
𝑁4 =
(𝑎 − 𝑥)(𝑏 + 𝑦)
4𝑎𝑏




































−(𝑏 − 𝑦) 0 (𝑏 − 𝑦) 0 (𝑏 + 𝑦) 0 −(𝑏 + 𝑦) 0
0 −(𝑎 − 𝑥) 0 −(𝑎 + 𝑥) 0 (𝑎 + 𝑥) 0 (𝑎 − 𝑥)
−(𝑎 − 𝑥) −(𝑏 − 𝑦) −(𝑎 + 𝑥) (𝑏 − 𝑦) (𝑎 + 𝑥) (𝑏 + 𝑦) (𝑎 − 𝑥) −(𝑏 + 𝑦)
]



























𝛾𝑚𝑎𝑥 = 𝜀1 + 𝜀3






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































= 𝜀1 = 𝜀2 = 𝜀3

















ℎ0 − Δℎ = (1 − 𝜀𝑎)


















𝜎𝑎 = 𝑞 + 𝜎𝑐

































= 1 + 𝑒𝑓 = 1 + 𝑤𝑓𝐺𝑠
𝜈𝑉𝑡0
 Δ𝑉𝑡𝑞






























































= 𝑀 + 𝑑
𝑞𝑝′
= 𝑀 + 𝑑







~~
~~
𝜙′𝑚𝑜𝑏
𝜙′𝑚𝑜𝑏
𝜙′𝑚𝑜𝑏 = 49°
𝑞/𝑝’
𝑑
𝑑
𝑞/𝑝’ = 𝑀
𝑀
~
𝑑𝑞
𝑝′
= 𝑀
𝑀 = 1.65






(𝑝’, 𝑞)
(𝑝’, 𝑞)
𝑑𝑞
𝑑𝑝′
= 3
(𝑝’, 𝑞)
𝑀 = 1.65


𝜑𝜑
~


  
 
 𝐶𝛼𝜀
 
 
 
~
 
  

 


 


